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To ali whom it may concern: 

Be it koown that J, Nixota Tesra, from 
Smiljao, Lika, border cocntry of Austria-Hun- 
gary, asd residing jn the city, county, and State 

§ of New York, bave invented certain new aod 
usefal Improvements in the Transmission of 
Power, of which the following is a specification, 
refereace being had to the drawinga accom. 
panyliog and forming a part of the same. 
This application is a division of an applica- 
tion filed by me October 12, 1887, No. 252, 132. 
The practical solution of the problem of the 
electrical conversion and transmission of we- 
chanical energy involves certainrequirements 
which the apparatny and systems heretofore 
employed have sot been capable of fal filling. 
Such a solution primarily demands a api- 
formity of speed jo the motor irrespective.of 
ita load withio its normal working limits. On 
the other hand, it is necessary, to attain a 
greater ecocomy of converaion than has here- 
tofore existed, to constract cheaper and more 
reliable and simple apparatus, and auch that 
all danger from the ase of currents of high 
tention, which are necassary to an economica 
transmission, way be avoided. | 
My present invention is a new method or 
mode of effecting the transinission of power 


io 


ts 


“5 


by electrical agency, whereby many of the 


present objections are overcome and great 
cconomy aad efficicocy secured. 

In carrying out my ioventiou I employ a 
motor in which there are two or more inds- 
pendent ecergiziog circuits, through which I 
pass, in the manner hereinafter described, al- 
ternating currents, effecting thereby a progres. 
sive shifting of tba magnetism or of the “lines 


yo 
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of force,’’ which, ia accordance with well-known 


theorles, produces the action of the motor. 

It is obvious thata proper progressive shift- 
ing of the linea cf force may be utilized to set 
up @ movenicnt or rotation of either element 
of the motor, the armature,or the fleld- magnet, 
and that if the curreots directed (throught the 

4s several circuits of the motor are in proper di- 
rection no commutetor for the motor wiil be 
required; but to avoid all the usual comma- 
tating appliances in the system [ connect the 
motor.-circuits directly with those of asaitable 

go alternating-current generator. The practical 
resulis of such a system, its economical advan- 


(No model) 


tages, nnd the mode of its constraction and 
operation will be described more in detail by 
reference to tht accompanying diagrams and 
drawings. 

Figures l to 8 and 1° to 8°, inclusive, are dia. 
grams illustratiog the prioctple of the action 
of my invention. The remaihing figures are 
views of the apparatus jin various forms by 
means of which the invention my be carried 
into effect, nud which will be described in their 
order. 

Referring first to Fig. 9, which is a dia 
grammatic representation of a motor, a gea- 
erator, and coonecting-cirouits in accordance 
with my: {avention, is the motor, and G@ 
the generator. for driving ft. The motor com- 
prises @ riog or gonulus, R, preferably Loilt 
up of thio insulated jroo riogs or annular 
plates, so as to be as susceptible as possible to 
variations in its magneticcondition.. Thisring 
is surrounded by four coils of insulated wire 
symmetrically placed and designated by CCU 
©. The diametrically-opposite coils are con- 
nected upso as toco-operatein pairs in produc. 
ing freo poles on diametrically-opposite parts 
of the riog. The four free ends thus left are 
connected to terminals T T T’ T’, as indicated. 
Near the ring, and preferably inside of it, 
there is monnted on an axis or shaft a mag: 
netic disk, O, generally circalar in sbape, bat 
baving two segments, cat away as sbown. 
This disk is mounted 80 asto torn freely withia 
the ring R. The generator G is of any ordi- 
pary type, that shown ia the present instance 85 
haviny field-magnets N Sand acylindrical ar- 
matore-core, A, wouod with the two coils B 
B’. The free ends of each coil are carried 
through tie abaft a’ and connected, respest- 
ively, to insalaved contact-riugs b db’ b’. Any o¢ 
convenient form of collector or brush bears on 
each ring and forms a terminal by which the 
current to and from a ring isconveyed. These 
termivals are connected to the terminals of the 
motor by ie wires L and L’ inthe manverin- 95 
dicated, whcreby two complete circuits are 
formed, one including, say, she oolls B of the 
generator and C O of.the motor and the other 
the remaining coils B’ and C’ C of the gen: 
erator and the motor. 

It remains pow to explain the mode of op- 
eration of this system, and for thia purpose I 
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refer to tine diagraus, Figs. ! to 8 and 18 to a 
for an illustration of the Various phases 
through which the coils of the generator pass 
when in operation, and the corresponding and 
§ resultant magnotie cbnoges prowhiced in the 
wolor, The revolution of the armature of the 
Renerator between the ticld magnets NS ob. 
Viously prodnecs in the coils B44 alternating 
Currents the intensity and dircetion of which 
to depeud upon well-known Jnws. Jo tbe posi. 
tlon of the coils indicated in Fig. } the current 
iu the coil B is practically nil, whercas tho 
coil Lb’ at the same time is developing its 
maximum current, and by the means indicated 
t5 in the description of Fig. 9 the circuitiartud- 
ing this coil may also juclude, Bay, the eolla C 
C of the motor, Fig. 1%. The result, with the 
pioper coonectiona, would be the magnetizn. 
lion of the riug Mt, the poles betng on the tine 
70 NS. The eaino order of connections belug 
observed Uctween the coil Band the coil Cc, 
the latter when traversed by acnrrent tend to 
Hx the poles at right angles to the line N 8 of 
Fig. 1%. It resnits, therefore, that when the 
‘2§ generntor-coils Lave made one-eighth of a re- 
ve'ullon, reaching the position shown in Fig. 
2, both pairs of cuils, C and C, will be trav- 
ersed by current and act in opposition in go 
far as the location of the poles is concerned. 
30 The position of the poles will therefore be the 
resultant oftbe mogaetizing forces ofthe coils— 
that fs to aay, it will sdvance aloug the ring to 
a position corresponding to ove-eighth of the 
rcvolotion of the armatare of the generator. 
In Fig. the arinatare of the geverator bas 
progressed to one fourth of arevolotion. At 
the point indicated the cnrreot in the coil B 
is maximum, while in B’ it te nit, the Intter 
coll being fo its neutral position. The poles 
40 of the ring R fu Fig. 3* will in consequence be 
shifted to a position ninety degrees from that 
at tbe stort, asshowo. I haveintike manner 
shown the conditions existing at each succes. 
sive eighth of ono revolation in tbe remainin 
4§ figores. A abort reference to these Bgares wil 
' suffce to an understanding of thelr signia- 
cance. 
Figs. 4 and 4° ijlastrate the conoditious which 
exist when the generator-armature has com- 
leted three-eigbths of a revolation. Here 
th coils are generating currents; but the coil 
lt’, baviog vow entered tho opposite field, is 
goverating a current in the opposite direction 
having the opposite eae effect; bence 
$§ the resultant pole will on the Jine NS as 
shown. 

In Fig. 0 one-half of one revolution of the 
aroature of the generator bas been completed, 
aod the resultiog magvetic conilition of the 

60 rivg is shown in Fig. &*. Jnothis phase coil B 
ie in the neutral position, while coil B’ is yen- 
erating its meximom current, which is in the 
sume direction as in Fig. 4. The poles will 
consequently be shiited through ono half of 

63 the 3 

To Fig. 6 the us we.ure bas completed Bve- 
sightba ofa revolution. In this position coil 
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jo 


B' develops u less powerful current, bnt in the 
same dicction a¢ before. The coil B, on the 
other hand, hinving entered a Neld of opposite 
polarity, vencrates a current of Opposite di- 
rection. ‘he resultanr pon ot!! Uercfore bo 
Mm the line NS, Fig. 6°; of. in other words, 
the potes of the ring will be shifted along tive. 
eighths of its periphery, 8 

Figs. 7 and7* in the mane wmnner iftirst rate 
the phases of the geverator and ring at thice 
quarters of a revolution, and Figs. 8 and 
the sume ut seven cighths of a revolutien of 
the generator armature. These Aurea will be 
readily understood irom the foregoing. 

Whenaecam plete revolution isucco:mplished, 
the conditions existing at the start a-e recs. 
tablished, and the asme action is repeated for 
the next and all subsequent revolutions, and in 
general it will now bo seen that every revolo. 
tion of the armature of the generator producers 
A corresponding shining of the poles or lines 
of force nround the ring. This effect I utilize 
in producing the rotation of a body or armne- oo 
ture jun variety of ways—for Crampie, apply- 
ing the princinte sbuve described to the apps. 
ratas shown in Fig. 9. The disk D, owing to 
its tendency to assume that position in whicb 
it embraces the greatest possible nnmber of the 93 
magnetic lines, is cet In rotation, following the 
motion of the lines or the points of greatest 
attraction. 

The disk Din lig. 9 is shown as ent away 
ou opposite sides; but tle ] have found is rot 160 
essentin! to effecting its rotation, aso circular 
disk, ns Sudicated by dotted Hues, fs also set 
in rotation. ‘This phenomenon [ nttribate te 
& certrin inertia or resistance inherent to the 
metal to the rapid shifting of the lincs of force tog 
through the same, which results iv a continu: 
ons tungentin! poll npon the disk, causing its 
rotation, Tlris seems to be confirmed by the 
fact thotacirculir disk of steel is more effect- 
ively rotated than one of soft iron, fur (be rea- 110 
son tbat the former is assnmed to posseas a 
grenter resistance to the shifting.of tbe mag- 
netic lincs. 

In ilnstration of other turms of apparntas 
by means of which Ff carry ont my invention, 115 
I shall now describe the reinnloing Agures of 
the drawings. 

Fig. 10 is a view in clevation anu part ver- 
teal section ofa motor. Fig. 12isator view 
of the same with the Geld iu section «ud 9 120 
diagram of connections. Fig. 11 ia un eud or 
side view of a generator with the flelde in sec- 
tion. This forin of motor may be usedio place 
of that shown. 

D isn cylindrical or drum arinature-core, 13§ 
which, for obvious reasons, should be split ap 
as far ns practicable to prevent the circulation 
witbin it of currents of Induction. The core 
is wound longitudinally with two coils, B and 
BE’, the cuds of which are reapectively con- 130 
nected to fisulated contact-riugad dd d, car: 
ried by the abaft a, upon which tbe armatore 
{fe wountod. 

The armature is ac’ to revolve withia as 


8s 
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iron shell, R, which constitutes the field- mag- 
net or other element of the motor. This shell 
is preferably formed with a slot or opening, 7; 
but it may be continuous, as shown by the 


_ NA 


made of steel. It is also desirable that this 
Shell should be divided up similarly to the 
armature,and for similar reasons. - As 4 gen- 
erator for driving this motor, I may use the 
device shown in Fig. 11. This represents an 
annular or ring armature, A, surrounded by 
four cuils, F F FE’ 8’, of which those diamet- 
rically opposite are connected in series, so 
that four free ends are left, which are con- 
nected to the insulated. contact-rings b b b’ 0’. 
The ring is suitably mounted on a shaft, a’, 
between the poles NS. The contact-rings of 
each pair of generator.coils are connected to 
those of the motor, respectively, by means of 
contact-brushes and the two.pairs of conduct- 


10 


20 


ors, L Land L’ U, as indicated diagrammat- 


feally in Fig. 13. . 


Now, it is obvious from a consideration of 


the preceding figures that the rotation of the 


¥' FE’, which, being transmitted to the motor- 
coils,impart to the core of the latter magnetic 
poles constantly shifting or whirling around 
the core. This effect sets up a rotation of the 
armature,owing tothe attractive force bet ween 
the shell and the poles of the armature; but 
inasmuch as the-coils in this case move rela- 
_ tively to the shell or field-magnet the move- 
ment. of the coils is in the opposite direction 
to the progressive shifting of the poles. — 
Other arrangements of the coils of both gen- 
erator and motor are possible, and a greater 


a 


number of circuits may be used, as will be 


_ seen in the two succeeding figures. 
40 
motor and a generator connected and con- 


_Stracted in accordance with my invention. 


Fig. 14 is an end view of the generator with 
7 its field-magnets in section. | a | 
AS : 

magnetic poles, G’ G’, secured-to or projecting 


from a ring or frame, H. These magnets or 


poles are wound with insulated coils, those 
diametrically oppokiteto each other being con- 
(50 


are connected to the terminals TT TY TT’ [”. 
The armature which is mounted to rotate be- 
tween the poles is a cylinder or disk, D, of 
wrought-iron, mounted on the shaft a.- Two 
segments of the same are cut away,-as shown. 
The generator for this motor has in this in- 
_. Stance an armature, A, wound with three 
_ coils, K K’ K”, at sixty degrees apart. The 
60 ends of these coils are connected,respectively, 
to insulated contact rings ¢ e ¢ ee’ e’: These 
rings are connected to those of the motor in 


55 


proper order by means of collecting-brushes 


and six wires, forming three independent cir- 
65 cuits. The variations in the strength and di- 
rection of the currents transmitted through 


these circuits and traversing the coils of the | 


dotted lines, and in this event itis preferably . 







at right angles to one another. 


generator-ring produces currents in the coils. 


rically opposite to.each other bei ng connected. 


.terminals tt? ¢’, 


Fig. 13 isa diagrammatie illustration of a 


‘be wound with coils. : 
had to Figs. 17, 18, and 19. Fig. 17 isan end 


The field of the motor M is produced by six | view of such-a motor. Fig. 18 is a similar 





nected in pairs,so as to produce opposite poles: 
ineach pair. This leaves six free ends, which | 


wound. The diametrically-opposite pairs of 





motor produce asteadily-progressive Shifting 
of the resultant attractive force exerted by the 
poles G’ upon the armature D, and conse- 
quently keep the armature rapidly rotating. 
The peculiar advantage of this disposition: is 


qe 


in obtaining a more concentrated and power- 


ful field. The application of this principle to 
Systems involving multiple circuits generaliy 75 
will be understood from this apparatus. 
Referring now to Figs. 15 and 16, Fig. 15 is 
a diagrammatic representation of a modified 
disposition of my invention. Fig. 16 is a hori- 
zontal cross-section of the motor. In this case 
a disk, D, of magnetic metal, preferably cut 
away at Opposite edges, as shown in dotted 
lines in the figure, is mounted so as to turn | 
freely inside two stationary coils, N’ N ” placed | 
| The coils are 85 
preferably wound ona frame, O, of insulating. 


80 


Inaterial, and their ends are connected tothe 


fixed terminals TTT’ IT’. The generator Gis _ 
a representative of that class of alternating- 

current machines in which a stationary in- 

duced element isemployed. Thatshown con-- 
sists of a revolving permanent or electro-mag-. 
net, A, and four independent stationary mag- 
nets, P P’; wound with coils, those diamet- — 


in series and having their ends secured to the 
From these terminals the 
currents are led to the terminals of the motor, 
as shown in the drawings. The mode of op- 
eration is substantially thesame asin the pre- 
vious cases, the currents traversing the coils . 
of the motor having the effect to turn the disk 


D. This mode of carrying out the invention 
has the advantage of dispensing with the slid- 


Ing contactsinthesystem. = . 105 

In the forms of motor above described only 
one of the elements--the armature or the field- 
magnet—is provided with energizing-coils. It 
remains, then, to show. how both elements may 


Reference is therefore r1o 


view of the generator, with the field-magnets 
in section; and Fig. 19 is a diagram of the cir- 
cuit-connections.. In Fig. 17 the field-magnet 
of the motor consists of a ring, R, preferably. 


of thin insulated iron sheets or bands, with 


eight pole-pieces, G, and corresponding- re- 
cesses in which four pairs of coils, V, are 
t20 
coils.are connected in.series and the freeends __ 


connected to four terminals, w, the rule to be 


followed in connecting being the same as here: 

inbefore explained. . Anarmature,D,with two _ 
coils, E EH’, at right: angles to each other, is 
mounted to rotate inside of the field-magnet 
R. The ends of the armature-coils are con- 


25 


nected to two pairs of contact-rings, d dd’ da’. 


The generator for this motor may be of any 
suitable kind to produce currents of the de- 


Lo pro ents 130° 
sired character. In the present instance it 


consists of a field-magnet, NS, and an arma- 


ture, A, with. two coils at right angles, the 
ends of which are connected to four contact: 





a 
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rings, b-b BB’, carried by its.shaft.’ The cir- 


cuit-connections are established between the 


rings on the generator-shaff and those on the 
motor-shaft by collecting brushes and wires, as 
5 previously explained. in order. to properly 


energize the field-magnet of the motor, how-° 


ever, the connections are so made with. the 


‘armature-coils by wires leading thereto that: 


while the points of greatest attraction or great- 
‘IO 
_- wpon the field-magnet are made to progressin 
‘an opposite direction. In other respects the 


operation is identically the same. as in the 


rs other cases cited. This arrangement results 
~ ¢n an increased speed of rotation. eats 
In Figs. 17 and.19, for example,the terminals 

of each set of field-coils are connected with the 


wires to the two armature-coils in sucha way. 


2c that the field-coils will maintain opposite poles 


in advance of the poles of the armature. : 
‘In the drawings the field-coils are in shunts 
tothe armature; but they may be in series or 

-. jn independent circuits. | 7 


25 


tor hereinbefore described. 
- Having now described the nature of my in- 


vention and some of the various ways in which | 


30 it is or may be carried into effect, I would call 
- attention to certain characteristics which the 


applications of the invention possess, and the | 
| rent from a battery or other source of . direet 


_ advantages which it offers. Se | 
- ‘Tn my motor, considering, for convenience, 


35, that represented in Fig. 9, it will be observed 


* 


that since the disk D has a tendency to follow 


- eontinuously the points of greatest attraction, 
and since these points: are shifted around the 


4o of the generator, it follows that the move- 


ment of the disk D will be synchronous with. 
that of the armature A. This feature by 
practical demonstration I have found ‘to ex- 
ist in all other forms-in which one revolution 


: “45 of the armature of the: generator produces a 


_ghifting of the poles of the motor through 


three hundred and-sixty degrees. — 


"In the particular modification shown in Fig. 


AB, or in’ others: constructed on a similar plan, 
50 the number of ‘alternating impulses resulting 
from one revolution of the genérator-armature 
ig ‘double a8 compared with the preceding 


cases, andthe’ polarities .in-the-motor are 


“. ghifted‘around twice by one revolution of the 
"will therefore be’ twice that of the generator. 
. Thesame result is evidently obtained by such 


a disposition as that:shown in Fig: 17, where. 


|. the poles of both elements are shifted.in op- 

Go posite ditdetions. 9 
‘Again, considering the a] 

_ py Fig..9'as ‘typical of. the invention, it is ob- 


vious that;sinee the attractive effect upon the 


disk Dis greatest when the disk is in its proper 
’ 65 relative position to the poles developed.in the 
ring R—that_is to say, 

- immediately follow. those of the ring—the 


est density of magnetic lines of force upon the 
armature are. shifted In one direction those 





It is obvious that the same principle may | 
be applied to the-various typical forms.of mo-- 





it is directed through the. coils 
opposite directions. In 
} ‘the potential of the energizing - currents re- 
ing once for each revolution of the armature. 





enerator-armatire.’ ‘The speed of the motor: 


the. apparatus illustrated: 


when its ‘ends or. poles. 


speed of the motor for all loads within the : 
normal working limits of the motor will be - 


practically constant. 


It is clearly apparent: that. the speed can > | 


never exceed the arbitrary limit as determined 


by the generator, and also that within certain — 
limits, at least, the speed of the motor will be 


independent of the strength of the current. 


It will now be more readily seen from the 


above description how far the requirements of | 
-a practical system of electrical transmission 


of power are realized in my.invention. Ise-. 
cure, first, a uniform speed under. all loads — 
within the normal working limits of the mo-_ 
tor without the use of any auxiliary regula- 


‘tor; second, synchronism . between the motor 
-and the generator; 


third, greater efficiency by 
the more direct application of the current, 00 
commutating devices being required on either — 
the motor or the generator; fourth, cheapness 


| and simplicity of mechanical . construction; 


fifth, the capability of being very easily man- 
aged or controlled, and, sixth, diminution. of 
danger from injury to persons and apparatus. 
These motors.may be run in series—multi- - 


ple are or multiple series—under conditions 


‘well understood by those skilled in the art. | 


I am aware that it is not new to produce the 
rotations of a motor by. intermittently shifting 
the poles of one of its elements. This has been 


done by passing through independent ener- 


gizing-coils on one of the elements the cur- 


or continuous currents, reversing ,such cur- 
rent by suitable mechanical appliances, so that 
in alternately 
In such‘ eases, however; 


mains the same, their direction only. being 


changed. According to my invention, how- | 
‘ever, I employ true alternating. currents; and 
‘my invention consists in the discovery of the 


mode or method of utilizing such currents. | 
The difference between the two plans and — 


‘the advantages of mine are obvious. By pro- 


ducing an alternating current each impulse | 


of which involves a rise and .fall of potential 


I reproduce in the motor. the exact conditions 
of the generator, and by such currents and the | 
consequent production of ‘resultant poles the 
progression of the poles will be continuous _ 
and not. intermittent. In addition to this,the — 


practical difficulty of interrupting or revers- 


ing a current of any considerable strength is 


‘such that none of the devices at present could 
‘be made to economically or practically effect’ 


the transmission of power by reversing in the 


‘manner described a continuous or direct cur- | 


reut.. Inso far,then,asthe plan of acting upon 


| one element of the motor is concerned, my in- 
vention involves the use of an alternating as 


distinguished from areverséd’current, ora cur-_ 
rent’ which, while cofitinuous and: direct, is” 
shifted from coil to coil by any form of com- 


‘mutator, reyerser, or interrupter. With re- 
gard to. that part of the invention which con- 
siats.in acting upon both elements of the motor 


382,260 . 8 | 6 
simultaneously, I regard the use of either al--] polarities of either or both elements (the arma- 10 
_ ternating or reversed currents as within the | ture or field magnet or magnets) of a motor by — 
- scope of the invention, although I do not con- developing alternating. currents in independ- 
sider the use of reversed currents of any prac- ent circuits, including the magnetizing-coils of 
5 tical importance. ar "| either or both elements, as herein set forth. — 
—. What I elaim is— | : se es ae  NIKOLA TESLA. 
‘The method herein described of electrically | Witnesses: oS ue 
transmitting power, which consists in produc- | Frank B. MURPHY, _ o& 
ing a continuously-progressive shifting of the FRANK E. HARTLEY. - 





